V ehicle traffic emissions result in a complex mixture of carbon monoxide (CO), nitrogen oxides (NOx), particulate matter (mainly ultra-fine particles) and air toxics (1,3-butadiene, benzene, formaldehyde, polycyclic aromatic hydrocarbons-PAHs). For the province of Quebec, approximately 75% of NOx and 14% of PM 2.5 (particulate matter with median diameter of less than 2.5 μm) emissions are related to mobile sources.
formed by a panel of experts from the HEI report. 3 We selected this review because i) it is a comprehensive update of the latest studies published in relation to traffic pollution and health effects, and ii) a comprehensive approach to assess causality was applied. 18, 19 We selected studies from the HEI report if they related to asthma prevalence in children and if the exposure of interest was a dichotomous variable for proximity to a major road or highway (e.g., less than 50 or 75 m from a major road or a highway), since information on these parameters was available for further application to Montreal. Here, we did not assess incident cases attributable to this exposure as too few studies were available on asthma incidence and proximity to major roads or highways (less than 75 m). 3 We also did not assess exacerbation of respiratory symptoms in children with asthma since studies that related this outcome and proximity to major roads or highways were not available. Attributable fractions were computed using studies performed in locations other than Montreal, given the lack of published studies of traffic proximity and asthma prevalence in Montreal.
Based on the HEI report performed for studies from 1980 through October 2008, a total of six studies evaluated the association between proximity to major roads and prevalence of asthma in children (within 75 m of a roadway). 3, 15, [20] [21] [22] [23] [24] Only four studies from the Unites States and Europe were retained for this analysis (see Figure 1) . 15, [20] [21] [22] One study was not selected based on reservations put forward in the HEI report concerning study design issues and lack of control for confounders, making the study hard to interpret. 24 Another study was not retained for our assessment since it reported inconclusive results. 23 It should be mentioned that we also decided not to retain a positive but non-significant association between roadway proximity (<50 m from major roads or highways) and asthma prevalence in children aged 4 to 12 years from Montreal (unpublished results: OR: 1.09; 95% CI: 0.91-1.31, n=5,650).
Selected risk functions
The chosen four studies from which risk functions were obtained are listed in Table 1 , accompanied by the study characteristics (epidemiological design, health outcome studied, reported risks, exposure categories and demographic characteristics of the study group). All retained studies had been adjusted for confounding and modifying factors and their ORs were used to calculate the number of cases attributable to residing in proximity to major roads. Point estimates between studies are similar and confidence intervals overlap, hence in these studies, the impact appears to be similar across study design and different age groups. Although a meta-analysis would provide more accurate results, too few studies are available for the same age groups and the same proximity to roadway variables to perform a meta-analysis.
Exposure: Proximity to major roads or highways
Exposure of Montreal children to traffic-related pollutants was estimated by using proximity of residences to major roads or highways. We estimated the location of residential addresses using the sixdigit postal codes. In Montreal, a six-digit postal code usually corresponds to a city block side. Following the selection of studies, different traffic exposure scenarios (e.g., <50 m or <75 m from a major road or highway) were considered (see Table 1 ). The road traffic categories nearest to residential addresses were obtained through the DMTI database (DMTI Spatial Inc.). In this study, we used two categories: major roads and highways (which includes the DMTI classes of secondary and principal highway, expressway and major roads) as well as highways only (which includes the DMTI classes of secondary and principal highway and expressway). The major roads and highways category in Montreal had a traffic density that was superior to approximately 20,000 vehicles/day and was used when calculating attributable asthma cases based on the studies from McConnell et al., 2006, 15 Morgenstern et al., 2007 20 and 2008. 21 The highways only category corresponds, in Montreal, to a traffic density that is superior to approximately 150,000 vehicles/day; it was used to calculate attributable prevalent asthma cases based on the study by Kim et al., 2008. 22 
Population at risk and health data
In order to apply the risk functions presented in Table 1 to Montreal, the following information was also estimated: i) population of children residing near major roads and highways in Montreal for different age groups; ii) population of asthmatic children in different age groups of the chosen risk functions. The population of children residing near major roads and highways was estimated using the population numbers assigned to the centroid location of six-digit postal codes of 1996. Population numbers for six-digit postal codes were not available for more recent years. In 1996, there were 1,797,912 people residing on the Island of Montreal. 25 In 2006, this population rose to 1,873,589 people. Given the limited increase in population numbers, we did not adjust the 1996 value.
In order to determine the proportion of children from each age group of the chosen risk functions ( Schematic overview of retained and excluded studies for our assessment (relative to the entire 2006 population) living on the Island of Montreal and applied the percentages to the population in each road traffic category. 25 For the purpose of comparison, the prevalence of asthma was taken from two studies using different approaches: one performed on the Island of Montreal in 2006 26 (questionnaire-based approach) and another performed in the province of Ontario, Canada from 1996 to 2005 27 (based on diagnoses in health care service databases). For the asthma prevalence reported by questionnaire, results were cross-checked with the Medicare database (reported doctor diagnosis). Both sources of data reported similar prevalence rates for two or more asthma diagnoses in children's health files. For the Montreal prevalence study, the definition of asthma was the one used in the 1995-1996 Health Canada Student Lung Health Survey.
Estimation of health impacts
Using the information concerning population numbers for different age groups and proximity categories to major roads and highways for Montreal, corresponding odds ratios for the different categories were applied to Montreal. The attributable fraction (AF) estimation of asthma prevalence related to proximity to major roads or highways was calculated as follows: 28 
Equation 1
p ei = proportion of exposed cases at age "i" (living within 50 or 75 m of major roads or highways). The prevalence of asthma in the exposed population was not available to calculate this value. We assumed the prevalence of asthma in the exposed population to be equal to the prevalence of asthma in the whole population.
RR i = Relative risk (Prevalence ratio) for age group "i"
The attributable number (AN) of prevalent asthma cases due to residing near major roadways was determined as follows for each age group: Values of RR (or Prevalence ratios, PR) were not reported in the selected studies; only values of ORs were reported. In the case of diseases with very low incidence among the non-exposed, OR and RR (PR) are likely to be very similar. However, for outcomes that are not so rare, such as asthma, the ORs and RRs can differ. 30 In order to account for these differences, we estimated the RR (PR) as follows, using equation 2: 30 
Equation 2
P o = prevalence of asthma in the initial studies Equations 1 and 2 were then applied to the different exposure scenarios presented in Table 2 , so as to obtain a range of attributable cases, based on the different risk functions that were selected. The confidence interval for the number of cases was calculated based on the 95% CI of the ORs, as reported in the selected studies (Table 2) , assuming normal distribution of the error on the OR.
RESULTS
Based on the chosen risk functions, there were 5 age groups for which information was calculated (2, 4, 6, 5 to 7 and 8 to 10). Populations of children residing at different distances for each age category were estimated to range in Montreal from 650 at <75 m for the highway only category, and from 2,830 at <50 m to 11,809 at <75 m for the major road and highway category.
The numbers of prevalent cases that may be attributable to proximity of residences to major roads or highways were calculated using prevalence from the questionnaire-based Montreal study 26 and prevalence from the Ontario study. 27 Attributable cases using Montreal prevalence ranged from 44 for the 2-year age group at <50 m to 636 in the 5 to 7 year age group residing within 75 m of a major road or highway (Table 2) . Attributable cases using the Ontario asthma prevalence ranged from 69 for the 2-year age group at <50 m to 778 in the 5 to 7 year age group residing within 75 m of a major road or highway (Table 2) . Depending on the exposure scenario and prevalence rates used, we estimated that exposure to proximity to major roads and highways could have an impact of 0.7% to 6.4% of prevalent asthma cases in Montreal.
DISCUSSION
This study is an attempt to quantify the risk of asthma prevalence in children that is attributable to living near major roads or highways on the Island of Montreal, Canada. The results presented here should be seen as a potential range of attributable cases, as other factors not considered may also be responsible for the disease. Attributable fractions may be lower or higher than those calculated, as there are uncertainties in calculations and competing risk factors that we have not considered when applying risk functions to our specific population (such as environmental tobacco smoke). Overall health risks attributable to proximity to roads are, however, more important than the ones presented in this study where only asthma-prevalent cases are presented. Other studies have shown that exposure to traffic emissions is linked to several health effects not reported in this study, such as premature mortality and cardiovascular outcomes. 3 Applying risk functions in populations other than the initial study population has also been performed by other authors to calculate prevalent asthma cases attributable to proximity to major roads. 31, 32 In these studies, which were applied to Southern California, the percentage of prevalent asthma cases attributable to residing in proximity to major roads ranges between 6% and 9.3%. These fractions were estimated using the study by McConnell et al., 2006, 21 which was one of the studies retained for our assessment. Here, based on the ORs of the four studies that we retained, we report attributable fractions lower than the ones estimated for Southern California (range 0.7 to 6.4%), probably due to various factors like differences in ORs, prevalence rates and children's population within 50 or 75 m of major roads or highways. 15, [20] [21] [22] It should be stressed that attributable risk is only valid if causality between the exposure and disease exists. 28 We retained a health outcome (prevalence of asthma) for which a causal association due to exposure to traffic pollutants has been judged to be between sufficient and suggestive, but uncertainties regarding causality still remain since not all studies performed in different locations and population subgroups have shown consistent results (e.g., greater risks have been found in girls in some studies, but not in others 21, 22 ). The size of the differences in risk coefficients between studies in different locations can also be considerable. Thus, the study by Kim et al., 2008 , has larger OR and confidence intervals since the study was performed with a very limited number of children residing within 75 m of a highway. 22 In our assessment, the chosen studies had both strengths and weaknesses for the purpose of transfer of risk functions to the Montreal context. On one hand, risk functions used were adjusted for many confounding or modifying factors. On the other hand, the exposure response functions used for proximity to roadways were not developed specifically for Montreal children, and their applicability in other regions than the one under study (the Island of Montreal) is uncertain. Different locations may present differences in pollutant levels and population characteristics. Pollutant levels may differ greatly on major roadways between countries since characteristics of vehicle fleet are likely different (automobile, truck, and number of diesel engines) as well as the composition of the emission mixture (based on motor emission standards). Background levels of pollutants may also be different in other countries compared to those in Montreal.
We also recognize the limitations of our assessment concerning the evaluation of real exposure, and this could lead to an over-or underestimation of our findings. Our analysis was performed using proximity to major roads or highways as a surrogate of exposure to traffic-related pollutants, since measures of air pollutants were not available for the present study. Proximity to roads has commonly been used as a proxy for exposure to road traffic emissions in epidemiological studies as traffic pollutant levels (e.g., NOx) are higher than background levels in proximity to roadways (i.e., at a distance less than 200 m). 33 It should be stressed, however, that compared to Land Use Regression models that estimate exposure to pollutant levels, proximity to roadways is particularly prone to errors in estimating exposure and to classification bias. Nonetheless, proximity to roadways is a way to assess the risks associated with a mixture of air pollutants. In our assessment, we chose to be conservative and only report on risks attributable to distances of less than 75 m from roadways. 3 Other uncertainties also arise from the estimation of attributable risk. In another study, attributable cases of asthma due to traffic-related pollutants and proximity to roadways were calculated using the standard equation (AF=p p (RR-1)/(p p (RR-1)+1) , where p p =pro-portion of exposed children). 32 However, the application of this equation requires the assumption that exposure to other factors not considered does not increase the disease risk, which we cannot ascertain in this study. Thus, we chose to apply an alternative formulation 34 (Equation 1 in this study, which is a function of the prevalence of exposure in diseased individuals). To adequately calculate this value, it is essential to have the prevalence of asthma in the exposed population. We did not have this information and we assumed this value to be equal to the prevalence of asthma in the whole population. This is a conservative approach since the prevalence of disease in the exposed population should be higher than in the whole population if exposure is associated with asthma prevalence.
Uncertainties are also associated with estimations of the number of exposed children. First, the population residing near major roads or highways was based on the location of postal codes of 1996, since more recent population numbers for postal codes were not available. This is an underestimation since population numbers between 1996 and 2006 increased by approximately 4%. Using the centroids of postal codes on a given street block is only an approximation of the location of the residences. Furthermore, the proportion of children of different age groups residing near these major roads or highways was deemed to be the same as that found across the Island of Montreal; this assumption requires validation. Better estimations would be provided with real population numbers.
Finally, we should recognize that retaining studies for which an association with the exposure to proximity to major roads was significant is an approach that would tend to lead to systematic bias. Meta-analysis including further studies and assessing publication bias are needed to provide more accurate results to estimate attributable risks.
From our assessment in Montreal, we identified a number of scientific gaps, including the development of risk functions specific to Montreal and possibly with estimates of exposure to air pollutants alongside major roadways. This input would be useful for either calculating the attributable fraction of prevalent asthma for the specific population, or to be included in a meta-analysis of relevant studies.
Even though uncertainties are present as cited in the preceding paragraphs, a range of childhood asthma cases that can be linked to residing near major roadways, as suggested by epidemiological risk functions, can be estimated, until more substantial information is made available. Our study is thus a first attempt to calculate crude risks of asthma prevalence attributable to proximity of residence to major roads or highways on the Island of Montreal. It points out the main limitations that we encountered and the directions that future studies must take to properly address the issue.
